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ABSTRACT

he aim of this study was to determine the antibacterial and antifungal activities of hemolymph and venom obtained from
Tsome scorpion species. Venom samples were obtained by electrical stimulation method from five different scorpion
species. Again, hemolymph fluids were obtained from five different scorpion species. Antimicrobial activities of hemolymph
and venom diluted 1:1 with sterile saline were tested against a total of 10 microorganisms including seven bacteria and
three yeasts using disc diffusion method. Venom samples of Protoiurus kraepelini showed inhibition zones of 9-20 mm
on all microorganisms tested. Venom from this species has the highest antibacterial activity against Bacillus subtilis. The
venom samples of Aegaeobuthus gibbosus were effective (7-12 mm) on all microorganisms except Enterococcus faecalis
and Micrococcus luteus. In addition, it was found that venoms obtained from Androctonus crassicauda, Hottentotta saulcyi
and Leiurus abdullahbayrami have different levels of antibacterial effect but no antifungal effect against Candida species.
Scorpion hemolymphs have been shown to have similar effects against Gram-positive and Gram-negative bacteria. Besides
the obtained hemolymphs have been found to have low effect (7-9 mm) on microorganisms.
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0z

u calismanin amaci, bazi akrep turlerinden elde edilen hemolenf ve zehirlerin antibakteriyal ve antifungal
Bézelliklerinin belirlenmesidir. Zehir ornekleri elektrik stimilasyonu yontemiyle bes farkli akrep tirinden elde
edilmistir. Bununla birlikte hemolenf sivisi da beg farkli akrep tirtinden elde edilmistir. 1:1 oraninda tuz soltsyonu ile
seyreltilen hemolenf ve zehirlerin antimikrobiyal aktiviteleri yedi bakteri ve Gi¢ mayadan olusan 10 mikroorganizmaya
karsi disk diftizyon yontemi ile test edilmistir. Protoiurus kraepelini’den elde edilen zehir érnekleri test edilen butin
mikroorganizmalar Uzerinde 9-20 mm inhibisyon zonu meydana getirmistir. Bu tirden elde edilen zehir Bacillus
subtilis’e karsi en yiksek antibakteriyal aktivite gosteren 6rnek olmustur. Mesobuthus gibbosus’dan alinan zehir
ornekleri Enterococcus faecalis ve Micrococcus luteus haricindeki tim mikroorganizmalarda etkili (7-12 mm) olmustur.
Ayrica, Androctonus crassicauda, Hottentotta saulcyi ve Leiurus abdullahbayrami’den elde edilen zehirler farkl
duzeylerde antibakteriyal etkiye sahip olmakla birlikte Candida tirleri Gzerinde antifungal bir etkisi olmamistir. Akrep
hemolenflerinin Gram-pozitif ve Gram-negatif bakteriler Uzerinde benzer etkilerinin oldugu gosterilmistir. Bunun
yaninda, elde edilen hemolenflerin mikroorganizmalar Gzerinde distk etkiye (7-9 mm) sahip oldugu tespit edilmistir.
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INTRODUCTION

The war between human beings and bacteria continues.
On the one hand, while trying to defend against bacte-
rial infections with appropriate antibiotics, on the other
hand, bacteria respond with a resistance to these de-
fence mechanisms of antibiotics [1]. The increased resis-
tance of microorganisms to existing antibiotics used for
treatment and the high cost of producing new generati-
on antibiotics necessitates the discovery and construc-
tion of new antimicrobial agents for the pharmaceutical
industry [2]. As a result of different studies, peptides
having antimicrobial activity have been obtained from
bacteria, scorpions, different insect sets, spiders, vario-
us crustaceans, amphibians, mammals and even natural
sources [3]. Antimicrobial peptides are evolutionarily
old weapons. The wide distribution within the animal
kingdom supports that antimicrobial peptides play an
important role in successfully evolving multicellular or-
ganisms from the evolutionary process [4, 5]. The first
antimicrobial peptides were identified from Hyalopho-
ra cecropia, a butterfly species [6]. Several antimicro-
bial peptides have been obtained from venom and he-
molymphs of arthropods such as spiders and scorpions
[7]. Scorpion venom is an integrated library of proteins
and peptides that may be candidates for drug design
and development, as well as toxicological responses [8].
The general composition of scorpion venom varies bet-
ween different families. In addition, these differences
in the composition of scorpion venom can be examined
from genus to genus and even between different spe-
cies within a genus [8, 9]. Scorpion venom is a mixture
of peptide, protein, neurotoxin and salt. These venoms
have been evaluated as potential therapeutics against
many diseases such as cancer, viral and microbial from
past to present [10].

The purpose of this study was to determine the anti-
bacterial and antifungal activities of hemolymphs and
venoms extracted from some scorpions against seven
bacterial strains; six Gram-positive (Micrococcus luteus
ATCC 9345, Staphylococcus aureus ATCC 6538, Bacillus
sphaericus ATCC 2362, B. subtilis, B. cereus ATCC 7064
and Enterococcus faecalis ATCC 51299) and one Gram-
negative (Escherichia coli ATCC 11293) and three yeasts
(Candida krusei ATCC 6258, C. parapsilosis ATCC 22019
and C. albicans ATCC 14053).

MATERIALS and METHODS

Scorpion Collection and Venom Extraction

Scorpions were collected in Mugla, Artvin, Gaziantep,
Sanlurfa and Mardin provinces, in Turkey as shown in
Figure 1. Venom samples were extracted from And-
roctonus crassicauda, Hottentotta saulcyi, Leiurus ab-
dullahbayrami, Aegaeobuthus gibbosus (Buthidae) and
Protoiurus kraepelini (luridae) by electrically stimula-
ting at the tail segments [11] The hemolymph samples
were drawn from Calchas nordmanni (luridae), Scorpio
maurus (Scorpionidae), Buthacus macrocentrus, Meso-
buthus phillipsi and A. gibbosus (Buthidae) with a thin
needle fixed to a sterile disposable syringe. As soon as
venom and hemolymph samples were taken, they were
diluted 1:1 with sterile 0.9% NaCl solution and antimic-
robial activity studies were started.

Microorganisms

The test organisms such as six Gram-positive bacteria
(Micrococcus luteus ATCC 9345, Staphylococcus aureus
ATCC 6538, Bacillus sphaericus ATCC 2362, B. subtilis,
B. cereus ATCC 7064 and Enterococcus faecalis ATCC
51299), one Gram-negative bacteria (Escherichia coli
ATCC 11293) and 3 yeast species (Candida krusei ATCC
6258 and Candida parapsilosis ATCC 22019 and C. albi-
cans ATCC 14053) were used as the bacterial and fungal
test organisms.

Antibacterial and Antifungal Activities

Antimicrobial effects of venom and hemolymph samp-
les were performed by disc diffusion technique [12]. All
microorganisms were stored at -80°C in Mueller Hinton
Broth (MHB) for bacteria and Sabouraud Dextrose Broth
(SDB) for yeast (Difco) containing 15% (v/v) glycerol.
Fresh overnight (at 37°C) cultures of all microorganisms
were prepared prior to testing. Then, the turbidity was
adjusted equivalent to 0.5 McFarland standards. After
Mueller Hinton and Sabourd Dextrose Agar are prepa-
red, 100 ul of microorganisms was spread over the sur-
face of an agar plate. The sterile empty antibiotic discs
(Oxoid) were soaked with 20 ul of extract and placed on
the surface of the freshly inoculated medium. The me-
dia were incubated for 18-24 h at 35+0.5°C (for bacte-
ria) and 48-72 h at 25+1°C (for fungus). Commercial anti-
biotic discs were used as control, and negative controls
were to water. The antimicrobial effect was evaluated
by measuring the diameter of inhibition zone. The va-
lues were expressed as meanzstandard deviation (SD).
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Figure 1. Map showing the localities of the scorpions collected for this study: 1. Protoiurus kraepelini (Mugla Province, Yatagan Dist-
rict) 2. Aegaeobuthus gibbosus (Mugla Province, Yatagan District), 3. Scorpio maurus (Sanliurfa Province, Birecik District), 4. Buthacus
macrocentrus (Sanliurfa Province, Birecik District), 5. Androctonus crassicauda (Sanliurfa Province, Ceylanpinar District), 6. Hottentotta
saulcyi (Mardin Province, Central District), 7. Calchas nordmanni (Artvin Province, Central District), 8. Mesobuthus phillipsi (Gaziantep
Province, Sehitkamil District) and 9. Leiurus abdullahbayrami (Gaziantep Province, Sehitkamil District).

RESULTS and DISCUSSION

In antimicrobial activity experiments for scorpion ve-
nom, inhibition zones ranging from 9-20 mm were de-
termined on all microorganisms tested for P. kraepelini
venom. Venom from this species has the highest anti-
bacterial activity against B. subtilis. 1t was found that
the venom obtained from A. gibbosus was effective on
all microorganisms (7-12 mm) except E. faecalis and M.
luteus. In addition, it was found that venoms obtained
from A. crassicauda, H. saulcyi and L. abdullahbayra-
mi have different levels of antibacterial effect but no
antifungal effect against Candida species (Figure 2A
and Table 1). In the studies with B. macrocentrus and
M. phillipsi hemolymph, zone diameters ranging from
7-9 mm were measured on all bacteria except B. cereus
and B. sphaericus. In the experiment with A. gibbosus

hemolymph, a diameter of 7 mm was determined on
bacteria other than B. cereus, B. sphaericus and E. coli.
C. nordmanni hemolymph 7-8 mm against B. subtilis, B.
sphaericus and E. faecalis; S. maurus hemolymph pro-
duced zone diameters ranging from 7-9 mm on S. au-
reus, B. sphaericus and E. coli. As a result of the tests,
scorpion hemolymphs have a very low and similar ef-
fect against Gram-positive and Gram-negative bacteria.
In addition, the efficacy of the obtained hemolymphs
against B. cereus and yeasts was not determined (Figure
2B and Table 1).
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Table 1. Antimicrobial effects of scorpion venom and hemolymph.

Scorpion venom
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M. luteus ATCC 9345 8 - 12 - -
S. aureus ATCC 6538 - 7 - 14 7 -
B. sphaericus ATCC 2362 11 10 13 14 12 -
B. subtilis [c] 8 7 - 20 12 8
B. cereus ATCC 7064 14 8 - 9 8 8
E. feacalis ATCC 51299 - 8 - 11 - 7
E. coli ATCC 11293 7 - - 12 8 -
C. albicans ATCC 14053 - - - 10 8 -
C. krusei ATCC 6258 - - - 10 8 -
C. parapilopsis ATCC 22019 - - - 9 7 -

Hemolymph Positive control
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“-“not effect. The tests were performed twice and the same result was obtained. Therefore, no standard deviation (t) is given.

Researches on scorpion venom continue with new cont-
ributions in many areas, some of which are as follows;
Diaz-Garcia et al. [13] reported that Rhopalurus junceus
scorpion venom does not affect normal cells but has se-
lective toxicity on epithelial cancer cells. Guo et al. [14]
studied the effects of different types of Brazilian yellow
scorpion Tityus serrulatus venom on human squamous
carcinoma cell line, PC3 cell line, human breast cancer
cell line, and human glioblastoma cell line and repor-
ted that venoms have anticancer effect. Al Asmari and
Khan [15] studied the antitumor effect of the venom of
Leiurus quinquestriatus on the chemical effect of skin
cancer in mice and obtained positive results. Akef et al.
[16] found that Androctonus amoreuxi scorpion venom
has cytotoxic and antiproliferative effects against pros-
tate cancer. Besides the anticancer effect studies of
scorpion venom, antimicrobial effect researches have
been carried out successfully. Almaaytah et al. [17] re-
ported that two different peptide types of A. amoreuxi
scorpion venom have antimicrobial effect at concent-
rations between 20 and 150 mM on Gram-positive S.
aureus, Gram-negative E. coli and C. albicans. Cao et
al. [18] investigated the antibacterial effects of Kn2—-7
and BmKn2 peptides from scorpion venom and found
activity against many Gram-positive and negative bac-
teria. Ramirez-Carreto et al. [19] emphasized that the

two different peptide types of scorpion venom Vaejovis

mexicanus smithi have antibacterial effects on clinical stra-
ins S. aureus, B. subtilis, E. coli, S. typhi, P. aeruginosa and

Streptococcus agalactiae. Guo et al. [14] reported that T.
serrulatus scorpion venom has antibacterial and antifungal

effects as well as anticancer effect. Especially its low con-
centration effect on S. aureus was remarkable. Arpornsu-
wan et al. [20] reported that different peptide types of the

scorpion venom of Opisthacanthus madagascariensis have

antibacterial effects at different concentrations on Gram-
positive methicillin-resistant S. aureus, S. aureus, S. epider-
midis and B. subtilis. Bao et al. [21] reported that opisin ob-
tained from Opistophthalmus glabrifrons scorpion venom

had higher antibacterial effect against Gram-positive than

Gram-negative. Ahmed et al. [22] in their study on the an-
tibacterial activity of the Heterometrus xanthopus venom,
they carried out the study by diluting the venom with dis-
tilled water in a ratio of 1/1, 1/10 and 1/100. They could

not detect any activity at 1/10 and 1/100 dilution. They
found the highest activity at 1/1 dilution on B. subtilis ATCC
6633 (30+£0.67 mm). These results are consistent with our
study. Ongoing studies on scorpion venom have been in-
vestigated not only in anticancer and antimicrobial issues,
but also in antiviral effects. There have been many studies
on this subject [23-27].
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Figure 2. (A) Inhibition zone affected by venom samples of Protoiurus kraepelini, (B) An example of inhibition zone caused by he-

molymphs.

CONCLUSION

The increasing resistance of microorganisms to antibi-
otics day by day, bring on the need for new pharma-
ceutical ingredients that are more effective against
microorganisms. In our study, we have studied with ve-
noms and hemolymphs that may be the source of these
new pharmaceutical ingredients from various scorpion
species. Antimicrobial activity tests of many scorpion
hemolymph and venom were performed. Venom obta-
ined from some scorpion species has been found to have
broad spectrum antimicrobial effect. It is thought that the
determination of the possible active substances that have
antimicrobial activity contained in the venom and of their
chemical structure will be important pharmacologically.
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